All chemicals and solvents were obtained from commercial vendors and were ACS reagent-grade or better and used as received, except for 9,10-dihydroanthracene (DHA) which was recrystallized from ethanol.
formula units {d calcd = 1.684 g/cm 3 ; µ a (MoKα) = 0.728 mm -1 }. A full hemisphere of diffracted intensities (1850 10-second frames with an ω scan width of 0.30°) was measured for a single-domain specimen using graphite-monochromated MoKα radiation (λ= 0.71073 Å) on a Bruker SMART APEX CCD Single Crystal Diffraction System. 7 X-rays were provided by a fine-focus sealed x-ray tube operated at 50 kV and 30 mA. Lattice constants were determined with the Bruker SAINT software package using peak centers for 7778 reflections. A total of 25171 integrated reflection intensities having 2θ((MoKα)< 58.36° were produced using the Bruker program SAINT; 8 13119 of these were unique and gave R int = 0.058 with a coverage which was 92.7% complete. The data were corrected empirically for variable absorption effects using equivalent reflections; the relative transmission factors ranged from 0.926 to 1.000. The Bruker software package SHELXTL was used to solve the structure using "direct methods" techniques. All stages of weighted full-matrix least-squares refinement were conducted using F o 2 data with the SHELXTL Version 6.10 software package. 9 The final structural model incorporated anisotropic thermal parameters for all nonhydrogen atoms and isotropic thermal parameters for all hydrogen atoms. All hydrogen atoms were included in the structural model as idealized atoms (assuming sp 2 -or sp 3 -hybridization of the carbon atoms and C-H bond lengths of 0.95 -1.00 Å). The isotropic thermal parameters of all hydrogen atoms were fixed at values 1.2 times the equivalent isotropic thermal parameter of the carbon atom to which they are covalently bonded. A total of 784 parameters were refined using 1 restraint, 13119 data and weights of , respectively. The absolute structure was determined experimentally using anomalous dispersion of the x-rays; the Flack absolute structure parameter refined to a final value of 0.00(2).
S3
The S6 EPR spectra were collected on an X-band (9 GHz) Bruker EMXPlus spectrometer equipped with an Oxford ESR900 continuous-flow liquid helium cryostat and an Oxford ITC503 temperature system to monitor and regulate the temperature. A dual mode cavity (Bruker ER4116DM) was used for perpendicular and parallel mode detection. Spectra were recorded under non-saturating conditions using 100 kHz field modulation. Other parameters (microwave frequency, modulation amplitude, microwave power, time constant, conversion time, sweep rate, and field resolution) are given in the captions of the corresponding figures. Because the baseline contribution was insignificant, a blank spectrum was not subtracted from the spectra. XAS Data Collection. XAS spectra were recorded on beamline X3B at the National Synchrotron Light Source (NSLS), Brookhaven National Lab (storage ring conditions, 2.8 GeV, 100 -300 mA). Mn K-edge X-ray absorption spectra were recorded on frozen solutions maintained at 20 K with a helium Displex closed-cycle cryostat over the energy range 6.4 -7.4 keV (Si(111) monochromater). The data were obtained as fluorescence excitation spectra using a solid-state 31-element germanium detector (Canberra). Contamination of higher harmonics radiation was minimized by using a harmonic rejection mirror. Background fluorescence signal was reduced by use of a 6 µm chromium filter for sample 1. A manganese foil spectrum was recorded concomitantly for internal energy calibration and the first inflection point of the K-edge energy was assigned to 6539.0 eV. Spectra were measured with 5 eV steps below the edge, 0.3 eV steps in the edge region, and steps equivalent to 0.05 Å -1 increments above the edge (region borders were 6354, 6529, and 6554 eV). Even under conditions of low X-ray flux, it was observed that complex 2 was slightly photoreduced after each scan as the edge energy shifted ~0.3 eV to lower energy in subsequent scans on the same spot. Thus, the effects of photoreduction on the S8 XAS data set were minimized by collecting only one scan per sample spot. The XAS spectra of complexes 1 (10 mM in H 2 O) and 2 (14 mM in CF 3 CH 2 OH) represent the average of 7 scans.
Electrospray-ionization mass spectrometry (ESI-MS) Experiments. For ESI-MS experiments
EXAFS Data Analysis. Extended X-ray absorption fine-structure (EXAFS) data reduction and averaging were treated entirely using the program EXAFSPAK. 10 Pre-edge background intensity was removed by fitting a Gaussian function to the pre-edge background and subtracting this function from the whole spectrum. The spectrum was then fit with a three-segment spline with fourth-order polynomial components to remove low-frequency background. EXAFS refinement was carried out on k 3 χ(k) data, using phase and amplitude functions obtained from FEFF, version 6. 11 The EXAFS fitting was also performed using EXAFSPAK. For each fit, the parameters r (average distance between Mn and scattering atom) and σ 2 (Debye-Waller factor) were optimized, while n, the number of atoms in the shell, was kept fixed. n was varied by integer steps systematically. The goodness-of-fit (GOF) was evaluated by the parameter F, where F = Σ (χ calcd -χ expt ) 2 / N, and N is the number of data points. The threshold energy, E 0 , in electronvolts (k = 0 point) was kept at a common, variable value for every shell of a given fit. b Not reported. c The pre-edge feature for this complex was reported as being "some 10 eV lower in energy than the edge"; see reference 14. where the coordinated triflate was replaced with an oxo ligand. The nuclear coordinates of this model were subjected to full DFT energy minimization and converged to the S = 3/2 ground state, using the BP functional 16 in conjunction with triple-ζ quality TZVP basis sets on Mn, O, and N and SVP basis sets on C and H. 17 The resolution of identity approximation 18 was used to accelerate the calculations using the auxiliary basis set SV/J. The Cartesian coordinates for the geometry-optimized model of 2 are provided in Table S5 . 1 and 2, respectively. b The average distance of all equatorial Mn−N bond lengths is listed.
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Kinetic Measurements.
DHA and d 4 -DHA. All kinetic measurements were performed under an Ar atmoshphere. 2.9 mg of 1(OTf) 2 and 2.2 mg (2.5 equivalents) of PhIO were each dissolved in 1 mL deoxygenated CF 3 CH 2 OH. The second-order reaction rate k 2 was calculated from a linear correlation between the substrate concentration and the observed rate and corrected for the number of reactive C-H bonds to yield k 2 ′ (Table S7) concentration and the observed rate ( Figure S9 ). The KIE was determined to be 8.7 (Table S7) .
Formation of 2 in a CF 3 CH 2 OH:(CH 3 ) 2 NC(O)H (1:1 volume:volume) solvent mixture was unsuccessful.
Although it was possible to form 2 in CF 3 CH 2 OH:CH 3 CN (1:1 volume:volume) and concentration and the pseudo-first-order rate constant ( Figure S8 ). The second-order rate constants determined from this relationship were corrected for the number of reactive C-H bonds (Table S7 ). The final oxidation state of the manganese was determined using an iodometric titration. 25 2.9 mg of 1(OTf) 2 and 2.2 mg of PhIO were each dissolved in 1 mL deoxygenated CF 3 CH 2 OH under an Ar atmosphere and were combined, stirred for ten minutes ([2] = 2 mM), and treated with 7.5 mg DHA (10 equivalents) in 100 µL of deoxygenated CH 2 Cl 2 . After 30 min, the solvent was removed and the organic products were removed from the manganese product (3) by rinsing the residue with diethyl ether (3 × 5 mL). The residue was dried and redissolved in 2 mL of CH 2 Cl 2 and a 1 mL aliquot was transferred to a 10 mL volumetric flask containing 1 mL glacial acetic acid and 0.019 g tetrabutylammonium iodide,
followed by dilution with CH 2 Cl 2 up to 10 mL. The bright yellow solution was mixed and the absorbance was measured in a 0.5 cm cuvette at 25 o C immediately after mixing. The triiodide produced was quantified by measuring the absorbance of the solution at 295 and 365 nm and the final oxidation state of the manganese was determined by the ratio of the triiodide liberated and the Mn IV consumed. 25 The final oxidation state of 3 was 2.7 ± 0.15 (average of 5 different experiments). An irreversible reduction process is also observed at E pc = -0.260 V versus Cp 2 Fe/Cp 2 Fe + , which is S18 attributed to the reduction of excess iodosylbenzene ( Figure S11 
